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SUMMARY

Tests were made on & model wing with three different
sized split trailing-edged flaps, in the N.A.C.A. 7 by 10
foot wind tunnel, The flaps were formed of the lower rear
portion of the wing and were rotated downward about axes
at their front edges. The 1lift, drag, and center of pres-
sure were measured with the axis in its original position
and also with it moved Pack in even steps to the trailing
edge of the main wing, giving in effect an increase in
area. The split flaps when deflected about their original
axis locetions gave slightly higher maximum 1ift coeffi-
cients than conventional trailing-edge flaps, and the 1ift
coefficients were increased still further by moving the
axes toward the rear. - The highest value of Oy p,x» which
was obtained with the largest flap hinged at 90 per cent
of the chord from the leading edge, was 2.52 as compared
with 1,27 for the basic wing.

INTRODUCTION

Among the devices for increasing the maximum 1ift co-
efficient over that obtained with a convertional wing, the
one most commonly used has probably been the trailing-edge
flap, which 1is deflected downward to increase the camber of
the wing. A few %tests have been made on ailrfoils with
flaps in whkich the rear portion of the airfoil ie split in~
to upper and lower sections and the lower section deflected
downward. (References 1 and 2.) 1In at least two cases the
flap has been moved to the rear as well as deflected down~
ward in angle, giving in effect an increase in area as well
as in camber. A flap of this nature was incorporated in
the Alfaro airplane entered in the Guggenheim Safe Aircraft
Competition, (Reference 3.) The most recent developments
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along this line are the results of the work of Mr. BE. F.
Zap, who has carried on many wind-tunnel tests on modsl
wings and also flight tests on an airplane equlpped with
the Zap flap. 1In flight the flap was effective not only
in giving & lower minimum speed but also, by virtue of
its increase in drag, in making possible eteeper glides
and shorter landings over obstacles.

The present tests were made as part ‘of a series on
high=1ift devices (references 4 and 5) in the N.A.C.A, 7
by 10 foot wind tunnel. Liff, drag, and pitching moment
were measured for a basgic Glark Y airfoil equipped with
split flaps of three different sizes. Each flap could be
rotated downward about an axis at its front edge. The
tests were made with & range of angular .deflections at
each of several fore-and-aft locationg of . the axis along
~tne basic wing chord. .

APPARATUS ANDfMETHODé_.‘ -

The model wing (fig. 1), which had a chord of 10
inches and a span of 60 inches, was constructed of lam-
inated mahogsny and steel plate. The ordinates for the
basic Clarlk Y airfoil are given in Table I._The hinged
flap was made of 1/8-inch steel plate beveled af the trail-
ing edge; when closed it was flush with. the lower surface
of the airfoil, When the axis of-any flap was in the
trailing edge position there was & slight gap betwesn the
flap and the main portion of the airfoil. This gap was
closed with Plasticine after preliminary tests had shown
that it caused a loss of 1ift.

The three sizes of flaps ‘tested had chord lengths of
0.20 ¢, 0.30 c, and Q. 40 ¢, ¢’ being the. chord of the
basic wing. The 0.20 c flap was tested with its axis at
0.80-¢, .90 ¢, and 1.0 ¢ from the leading edge, the
0.30 ¢ flap with its axis at 0.70 ¢ to .1.0 c, and the
0,40 ¢ flap with its axis at 0.60 ¢ to 1.0 ¢, &ll with
even 0.10 ¢ intervals. The flaps, whlch were hinged in
split bearing could be locked in aany angular position.
' The tests were made with ‘the flaps deflected at 15° inter-
vals, or less where necessary, over:a sufficient range to
determine the highest valué of " Cp pax for each hinge lo~
cation,
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The 7 by 10 foot wind tunnel is described in detail
together with the balance and standard test prodedure in
reference 6. Because of the. high 1ift obtained witly some
of the flap settings, the model was supported by a fine
wire at each end in addition to the regular center sup-
port. The tests were mads at 80 miles pser hour, which
corresponds to a Reynolds Number of 609,000, based on the
10-inch chord of the basic wing. ¥No corrections were made
for tunnel~wall interference. : '

RESULTS AND DISCUSSION

Values of 0y, ©p, gnd c.p., all based on the di-
mensions of the basic wing, are plotted againsgt angle of
attack (f1gs. 2 and 13) for all of the flap positlons
tested.

Maximum 1ift with flap axis in original location.-
The highest 1ift coefficient obtained by depressing the
split fldps without moving the axis to the resar was very
pearly the same for all three flap sizes, as shown in the
following table- ' B

Flap size Highess L max Flap angle

0.20 ¢ 2,12 60°
30 ¢ | 2.16 - . 50°
.40 ¢ 2.14 400

These values are about 10 per cent higher than the max-
imum 13ift coefficients obtained with a conventional flap
having a chord length of 0.30 c¢. (Reference 7.)

Maximum 1ift with flap axis moved back to increase
the area.~ With each size of flap the maximum 1ift coef-
ficlent increased as the flap axis was moved back to the
0.90 ¢ position. With the 0.20 ¢ flap it continued to in-
crease 8lightly as the axis was noved to the trailing edge,
but with the larger sized flaps the values were slightly
laower for the trailing-edge axis location than for the one
B:t 0.90 c. '

Contour lines showing constant velues of 0y ma x ob~
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tained with the trailing edge of the flap within the range
of the positions tested are shown in Figures 144+ 15, and
16 for the three different flap sizes. . These charts show
the highest values of C3 pgax for the three flaps to be
gs follows: : T

Highest

Flap size CL max . Axls location Flap angle -
0.20 ¢ 2.27 1,00 o "~ 680 -
.30 ¢ 2.45 - 7 7. .93 ¢ 629

«40 ¢ 2.52 .90 ¢ 540

The highest value, which represents an increase of 98 per
cent over®the value of 1.27 for the plain wing, was ob-
tained with the 0.40 ¢ flap. It was closely approached,
however, by the 0.30 ¢ flap which was only 3 per cent lower.

Center of pressure.~ At the angles of gttack within
the ordinary flight range, rotating the flap downward. moves
"the center of pressure to the rear, and shifting the axis
back moves the center of pressure still farther to the rear.
For the 0,40 ¢ flap in the position giving the highest val- .
uwe of O1 pax» the center of pressure is about 17 per cent
of the chord behind the position for the basic wing at the _
same angle of attack. Although this difference may seem .
excessive, it is not likely to causs great diffi¢u1ty in
connection with the balance of an airplane because the
greater 1lift coefficient with the flap extended results in
a substantially greater downwash angle, which increases the }
download on the tail. ) : . =

Comparison with the Fowler variable~area wing.- The
Fowler wing, shown in Figure 17, has an extension airfoil
which can be moved to the rear and downward in a manner
somewhat similar to the split flaps of the present tests.
It repreesents a refinement of the simple flaps, however,
for the gap between the trailing edge of the main wing .and
the nose of the extension. airfoil forms a glot to help main-
tain unburbled air flow over the extension alrfoil at the
hlgh_anglﬁs of attack. A model of the Fowler wing with-a
0.40 ¢ extension airfoil has been tested under .the same
conditions as those of the present tests. (Reference 5.)
The Fowler model can be compared directly with the 0.40 ¢
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gplit flap with the hinge axis at the trailing edge of the
main wings -“The maximom 1lift coefflcient of the Fowler wing
was 3.17 as compared with 2.40 for the .plain split flap in
the same position, which shows the effectiveness oT the
slot in improving the air flow over the extension airfoil.

Effect on a:rplane performence. If an average parasol
monoplane were fitted with the 0.40 c.split flap having the
extended position which gave the highest value of Of, nax’
the landing speed, according to the results of the pressent
tests, should be reduced to about 70 per cent of the ori-
ginal value if the gross weight remained unchanged. The
high speed would be the same as the original if the instal-
lation of the-flap did not inorease the para51te drag of
the airplane." :

The original landing speed could be obtained with the
wing area reduced to about 50 per cent of the original val-
ve, the gross weight remaining the same. In this case tae
high speed. would be increased sllghtly but the take-off and
¢limb would be impaired. :

The lower values of L/D with the flap extended would
malke possible much steeper glides than with the original
wing, & great advantage 1in making short 1andings over ob-
stacles,

CONCLUSIONS

1. The maximum 1lift coefficients obtaired with the
split flaps with the original axis locations weére very"
nearly the same for the three flap sizes tested and were
sonewhat higher than those given by convent10na1 ‘trailing-
edge flaps. .

2. The maximom 1ift, coefflcient Wa s increased by mov-
ing the hinge axis of the flap back t0 0.90 ¢ For tre 0.40 ¢
flap, 0.9% ¢ for the 0.30 c¢ flarp, and to the trailing edge
for the 0.20 ¢ flap. o ' ’

3. The highest value of 01 max, which was obtained
with the 0.40 ¢ flap, was only 3 per cent higher than the
highest obtained with the 0.30 ¢ flap and 11 per ceant
higher than that with the 0.20 ¢ flap..
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4, With the 0.40 ¢ flap in .the . best position a max~

imum 1ift coefficient of 2.52 was obtainad, .a's compared

with 1.27 for the basgic wing. , Lo

7w

Langley Memorial Aeronautical Labecratory,

National Advisory Committes for Aeronautics, ¢ -
Langley Field, Va., May 7, 1932. : .
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TABLE I

AIRFOIL ORDINWATES

(A1l values in per cent airfoil chord)

CLARK Y
gtation "Ordinate Ordinate
Upger Lower
0 3.50 ) 3.50
1.25 5.45 1.93
2.50 6.50 1.47
5.00 7.90 .93
7.50 8.85 63
10.00 9.60 .42
15.00 10,69 .15
20.00 11.36 .03
30.00 11.70 0
40,00 . 11.40 o]
50.00 10.52 0
60.00 | 9.15 0
70.00 7.35 0
80.00 5.22 0
90.00 2.80 0
95.00 1.49 0
100.00 .12 0

Leading edge radius = 1.50
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Figs. 4 & 5

Fig.5 The 30 per cent ¢ flap hinged et

Flg.4 The 30 per cent ¢ flap hinged at
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Figs. 6 & 7
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Figs. 13 & 13

[} [+
- I — T
1.00¢c 0.800 ’(\ S¢
L.E. AN
S X
) » N}
- !
= 20 — - S _:20.- )
8
[ ,/()-/'*""anﬁ ~;
40 / .§4o
4]

;)
c.p. ,pq{_gpnt ¢ from
e
N
i

[

N

:}T
Ny
(!f
[~} 'g’: p

g0 7 <
4 Zy 2 8o
'Y / A{4 A ¥ = 300
’ o 6,= 0° I/ + % = 480
80 ;r w] 4 -] 80 v % = 53°
II'/ AN = 300 {l X X u soo
+ ¥ = 459
e X N = go°
3.4 2.4 J ‘l
Y3 ' //LA :
R4 y a :7 A M | o]
/s Nk Y AR ik
2.0 va S 3.0 v A T
:/ I/ jﬁ ,.\‘ N ,'/7 / \1.\
/7 N A RS |
s ,(I ,/ \QP\\\\ /"',I /, ' \t\\\"\
1.6 / /I 'I = N \T‘ 1.6 4 o II / <
/ 'I 1/ . m )fll:// / I/ \l ?\\
o LA LY I 0 A '\\\%_
/ / ;A |~ L /A /‘ 1 }
Ll /ﬂ/ A7 f“no{\ | 12 /)/ / ‘/‘f‘w\ \%
, 4 7 ‘/,‘e" l’l 4 .
i 4 A I/ /| //éffr
/ A . : s le / g {
0.8 / //// ‘, // // ( l/ /I,T 0.8 ///I/ I” /l/ {/ 'I:,/ //
’ ’ ¥ H / t’ V4 (
% / f/ AV = ‘/;§<"' /- % /;;' — / < ‘f“*/,}"' //
log T i /{ | A=
0'4' l” IA ’I ﬂz/-//"/ JAI‘AJ / 0‘4 ."/ Iﬂ v/: ";:/ 2 // /

T = - /
s ‘1;?3”/ .-"’Jr’ - "ﬂ ,o’/

T A e O Sl

P e gl =] )

=10 0 10 20
¢, degrees

¥ig.13 Ths 40 per cent ¢ flap hinged at
100 per cent ¢

=10 0 10 20 30
o, degrees
74g.12 The 10 per cent o flap hinged at
90 per cent ¢




Fig. 14 Contours of Cp
max

1.9--~ _/
B0 T T
Range of positlons teated~.552- P
IS G Ve Wy

Lomm g A —
> 3.8

-20 =10 0 10
Position in per cemnt chord

for various positions of trailing edge of 20 per cent flap

¥

o

T
Pogltlon in per cent chord

2gv "0l ©31C0H Teofuuoey *Y*O°'v°N

$T "SL




: ~a_ Position in per cent
=" “thord— "7"0—
! \
3
]

2% "OR @30H TBOTWOSL ‘V'O°'V'K

, Ao D
L DL et |

i
-20 -10 0 10 20 30
: Posltion in per cent chord
Fig. 15 Contours of GLM for various posltions of trailing edge of 30 per cent flap

6T ‘F18




\ Position 1n per cent

— — ) haord

Range of positions tasuea /'
“//// zo-
(___Z*_i__Jimﬁév_jL_ |
2.2 2.3 2.4 2.9
Lt & ol
-20 =10 0 .10 20 20

Positlon in per cent chord

Tig. 16 Contours of (g for various positions of trailing edge of $0 per cent flap,

‘OF 940K TWOTUYOSL V'O V'H

28%

9T "F1&




< T

40 per cert split flap, C’I_,ma.x = 2,38

Fowler varizble area, CI = 3.1°

=3

Tig. 17 Comparison of Fowler variable-aree wing with 40 per cent split flap.

28% "Oof ejoff TBOTWOR] 'V O'V'N

4T "Fta




